Congenital cystic lesions involving the liver and kidney have been reported in humans4 and infrequently in a variety of domestic, laboratory, and wildlife species, including dogs and cats,2,6,10 pigs,* mice,' and African gazelles5 Information concerning the morphologic features, origin, and development of these lesions in animals is sparse. In humans, congenital cystic lesions of the liver often coexist with renal lesions and represent a complex group of disorders that have been subjected to extensive clinical, genetic, and pathologic studies. The classification, origin, and development of these lesions in humans are debatable, but they do not exist as single entities but as members of a family of congenital and dysplastic d i s o r d e r~.~~~ Herein, we describe a congenital cystic disease of the liver, pancreas, and kidney in a neonatal Nubian goat (Cupru hircus).
A 3-week-old female Nubian goat was presented for evaluation to the field service at the New Bolton Center, University of Pennsylvania School of Veterinary Medicine. Since birth, the animal had mental dullness, a poor growth rate comparable to a sibling, and progressive abdominal distension. There was evidence of steatorrhea with production of white, foul-smelling manure. On physical examination, the animal was in poor body condition and had a pendulous mass palpable in the cranial ventral abdomen. Laboratory findings included a packed cell volume, total plasma protein, and blood ammonia level that were within normal limits. Because of poor prognosis, the goat was euthanatized.
At necropsy, the liver was markedly enlarged and extended into the caudal ventral abdomen, displacing viscera dorsally. It weighed 0.75 kg (24% of body weight) and was 25 x 20 x 4 cm. The parenchyma was firm to fluctuant, mottled tan to yellow, and consisted of fluid-filled, thin-walled cystic structures up to 1 cm in diameter ( Fig. 1 ). Cysts extended to and bulged from capsular surfaces, and lumina were distended with clear yellow fluid. The gallbladder was moderately distended with bile, and the cystic, hepatic, and common bile ducts were ectatic and tortuous but patent. The pancreas was 10 x 2 x 5 cm, and multiple cystic structures up to 0.5 cm in diameter were disseminated throughout the parenchyma. No gross abnormalities were noted in the kidney. Histopathologic examination revealed multiple cystic biliary structures that expanded portal areas of the liver and were lined by simple tall columnar epithelium and goblet cells. Cystic structures formed an arborizing pattern throughout the parenchyma and were bordered by several bands of fibrous connective tissue, often containing mild to moderate infiltrates of lymphocytes, macrophages, and neutrophils ( Fig.  2 ). Cysts were irregular in shape due to polypoid projections and bulbar protrusions of the cyst wall into the lumen and frequently contained plugs of bile, strands of mucus, and clusters of coccoid bacteria. In multiple portal areas, there were nests of proliferating small bile ducts, which occasionally contained aggregates of neutrophils and clumps of coccoid bacteria. Remaining hepatic parenchyma was variably compressed and atrophied, with evidence of intracanalicular bile stasis. The pancreas contained numerous ectatic intraand interlobular ducts lined by tall columnar epithelium and goblet cells. Lesions within the renal cortex included linear columns of dilated, mildly tortuous tubules extending from the subcapsular cortex to the cortical medullary junction. There was marked cystic dilation of collecting ducts extending from the cortical medullary junction to the pelvic epithelium ( Fig. 3 ). Glomeruli and proximal tubules were unaffected.
Multiple cystic aberrations of the liver and kidney have been extensively described in humans but rarely reported in animals. Although classification and terminology are subject to debate, congenital polycystic disease in humans involving the liver and kidney clearly exists in two forms that differ in mode of inheritance and age at clinical onset. Current classification of these diseases is based primarily upon renal lesions. These forms are classified as autosomal dominant polycystic kidney disease and autosomal recessive polycystic kidney disease (ARPKD).4,5,9 Of the two forms, ARPKD is a rare, usually fatal disorder that manifests clinically in the perinatal period or early childhood. ARPKD represents a family of overlapping syndromes characterized by variable cystic involvement of the renal tubules and hepatic biliary system in conjunction with progressive fibrosis of portal con- Vet Pathol 33: 6, 1996 nective t i s s~e .~,~ The ARPKD complex has a wide clinical spectrum, and affected children have varying degrees of nephromegaly, hepatomegaly, renal failure, portal hypertension, and ~h o l a n g i t i s .~.~.~ Cystic disorders of the liver and kidney in juvenile animals, similar but not identical to ARPKD of humans, have been reported in several spec i e~. * ,~-~ In most species, a hereditary predisposition is proposed, although the exact mode of inheritance is unknown in the majority of reported cases. A mutant strain of Balb/c mice that demonstrates both renal tubular and biliary cystic abnormalities and expresses the disease as an autosomal recessive trait has been de~cribed.~ In the present case report, cystic dilations were present in the liver, pancreas, and renal tubules. The presence of a columnar epithelial lining in liver and pancreatic cysts suggested they were of biliary and pancreatic ductular origin. The dilations in the biliary system were both extrahepatic and intrahepatic and diffusely involved the liver parenchyma. Biliary cysts contained plugs of inspissated bile, and there was evidence of ascending bacterial cholangitis, suggesting that the intrahepatic cysts did communicate with the biliary system. Limited histologic serial sectioning of the liver supported this conclusion, although a more extensive study utilizing stereologic reconstruction from serial sections is required to resolve this issue. In humans, cholangitis is a common complication of congenital intrahepatic biliary dilation, in which bile duct profiles are in continuity with the biliary tree.9 Cystic dilation of the pancreatic ducts was considered an interesting feature. Similar lesions in the pancreas have been documented in humans and neonatal piglets in association with hepatic and renal cystic d i~e a s e .~,~ Renal tubular ectasia was most pronounced in the distal convoluted tubules and collecting ducts. Most reports of congenital polycystic disorders in both humans and animals often have variable involvement of renal tubules, most notably the collecting tubules.2+8 Based on the morphology of the cystic lesions and the age of onset of clinical signs, the Nubian goat described in this report has some features that are similar to those in previous reports of juvenile polycystic disease in humans and other animals. Whether this disease has a heritable component could not be accurately determined. However over a 5-year period, four kids in the herd with the same or closely related ancestry had a similar clinical progression and died in the neonatal period. Necropsies were not performed on these animals. Siblings of affected kids were reported to develop normally.
A unifying pathogenesis of all congenital polycystic disorders in both humans and animals has yet to be proposed. Lesions in the liver appear to represent developmental anomalies of the biliary system related to malformation of the embryologic ductal late.^,^,^ During embryogenesis, the ductal plate is formed by double sheets of primitive hepatic epithelial cells that surround the developing plexus of intrahepatic portal veins. Intrahepatic bile ducts differentiate from these sheets of epithelial cells. During further development, there is gradual remodeling of the ductal plate with regression of some parts to result in the normal anastomosing system of bile ducts within portal tracts. Defective remodeling of the ductal plate is hypothesized to result in excess as well as abnormally shaped bile duct profiles in the liver.' Similar malformations of the ductal plate at different levels of the biliary tree probably account for the overlapping congenital entities manifested in the liver, particularly in h u r n a n~.~.~.~ A common pathogenesis probably underlies the hepatic, pancreatic, and renal lesions. Current theories have suggested a primary defect in epithelial cell growth and differentiation that results in altered cell growth, fluid secretion, and extracellular matrix m e t a b~l i s m . ' .~.~ Studies using animal models of polycystic kidney disease have demonstrated abnormal expression of developmentally regulated proto-oncogenes in the epithelial cells lining renal Furthermore, primary cultures of human polycystic kidney epithelium overexpress epidermal growth factor receptor and have an amplified proliferative response to epidermal growth f a~t o r .~
